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I 
While t h e r e  appears t o  be toda)/ r a t h e r  general  agreement t h a t  t h e  

e x i s t i n g  channels f o r  communication both w i t h i n  and between t h e  sc ien-  

t i f i c  and t e c h n o l o g i c a l  communities a r e  n o t  per fo rming  as w e l l  as m i g h t  

be des i red,  when one looks a b i t  below t h e  sur face  of these op n i o n s  

t h e r e  i s  an astounding lack o f  understanding of t h e  way i n  whi h t h e  

channels a c t u a l l y  f u n c t i o n .  

I n  o r d e r  t o  c l o s e  t h i s  gap i n  o u r  understanding o f  t h e  communica- 

t i o n  process i n  sc ience and technology, a number of research s t u d i e s  

have been undertaken over  t h e  past  few years, w i t h  t h e  development 

of d e s c r i p t i v e  models of t h e  e x i s t i n g  communication systems a s  t h e i r  

goa I .  

An understanding of t h e  manner i n  which s c i e n t i s t s  and engineers 

p r e s e n t l y  o b t a i n  t h a t  in fo rmat ion  which they  need, w h i l e  a ma jor  con- 

t r i b u t i o n ,  i s  s t i l l  n o t  q u i t e  s u f f i c i e n t  f o r  o u r  purposes. I n  a d d i t i o n ,  

I 
See for example: The Weinberg Report  ( P r e s i d e n t ' s  Science Advisory 

Committee, 1963); Faegr i  (1956); Fozzy (1962); Glass (1962); f o r  a d i s -  
s e n t i n g  voice:  B a r - H i l l e l  (1963). 
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we would l i k e ,  i f  poss ib le ,  t o  know more about  t h e  eventua l  impact which 

v a r i o u s  i n fo rma t ion  g a t h e r i n g  p r a c t i c e s  have upon t h e  q u a l i t y  o f  t h e  

research 

p r e d i c t  t h e  e f f e c t s  which p o t e n t i a l  changes i n  t h e  i n f o r m a t i o n  s e r v i c e s  

prov ided w i l l  have upon t h e  s c i e n t i s t ' s  or e n g i n e e r ' s  work. 

2 
be ing  performed. Such a knowledge would then  a l l o w  us t o  

To a t t a i n  t h i s  extended goal, we o b v i o u s l y  r e q u i r e  a c r i t e r i o n  

measure of performance f o r  research. 

A l though techn iques  f o r  de termin ing  a b s o l u t e  performance measures 

on t h e  r e s u l t s  of an R8D p r o j e c t  have y e t  t o  be s a t i s f a c t o r i l y  devised, 

t h e  r e l a t i v e  q u a l i t y  o f  s o l u t i o n s  t o  t h e  same problem can be assessed 

r a t h e r  e a s i l y  by a competent judge. Th is ,  of course, i s  t h e  techn ique  

employed by exper imenta l  psycho!og is ts  i n  l a b o r a t o r y  s t u d i e s  o f  c e r t a i n  

k i n d s  ( c r e a t i v e  t h i n k i n g ,  for example) of human problem s o l v i n g  beha- 

v i o r .  A number of persons a r e  presented w i t h  t h e  same problem and a 

panel of judges i s  asked t o  eva lua te  t h e  r e l a t i v e  q u a l i t y  of t h e  ans- 

wers. The p a r a l l e l  n a t u r e  o f  t h e  exper imenta l  des ign  a l l o w s  t h e  psycho- 

l o g i s t  t o  compare t h e  behav io rs  observed and r e l a t e  c e r t a i n  genera l  be- 

h a v i o r  c h a r a c t e r i s t i c s  t o  t h e  q u a l i t y  of t h e  s o l u t i o n s  produced. 

S ince  we cannot  y e t  a f f o r d  t o  h i r e  a s u f f i c i e n t  number o f  sc ien-  

t i s t s  and eng ineers  and ass ign  them t h e  same research problem, we must 

i ns tead  search fo r  ins tances  i n  which such p a r a l l e l i s m  has occur red  

2 
For ease of p resen ta t i on ,  t h e  te rm " research"  w i l l  be used here  i n  

a g e n e r i c  sense, encompassing any and a l l  a c t i v i t i e s  f rom t h e  b a s i c  t o  
t h e  developmental end of t h e  RAD spectrum. 
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either adventitiously or in order to accomplish some goal quite inde- 

pendent from our own. Such instances have presented themselves in a 

number of contexts, and we are presently engaged in studies of several 

types of parallel situations. The results which 1 shall present today 

stem from our first foray into the domain of parallel research and con- 

stitute the third of a series of interim reports on a continuing re- 

search program. The first series of parallel projects studied is made 

up entirely of government supported efforts performed in industrial 

laboratories. 

developmental in nature and can be considered to fall within the rea 

of technology. The single deviant pair involved a rather fundamenta 

investigation in physics and displays some rather interesting conse- 

All but one set of these projects are quite clearly 

quent differences in the information-related behavior of the investi- 

gators. Some of the differences will be pointed out a5 we go along, 

but first a word about the methods by which the data were obtained. 

RESEARCH METHODS 

rn 

Once a parallel project has been located, its work statement is 

obtained from the government laboratory that is to award the contracts, 

and analyzed and factored into a reasonable number of subproblem areas 

(generally subsystems). The breakdown is then checked with the technical 

person who prepared the work statement, and data collection forms based 

upon it are designed. After a l l  data have been collected from the con- 

tractors, the technical monitor i s  revisited and asked to provide a con- 



- 4  

f i d e n t i a l  e v a l u a t i o n  o f  each l a b ' s  performance on each subproblem. The 

da ta  presented today were gathered by means of a form which we have 

dubbed t h e  S o l u t i o n  Development Record and from pre-and p o s t - p r o j e c t  

i n t e r v i e w s  w i t h  t h e  i n d i v i d u a l  s c i e n t i s t s  and eng ineers .  

The S o l u t i o n  Development Record i s  a research t o o l  which p rov ides  a 

reco rd  ove r  t i m e  o f  t h e  progress o f  an i n d i v i d u a l  engineer  o r  group o f  

eng ineers  (or s c i e n t i s t s )  toward t h e  s o l u t i o n  of a research and develop- 

ment problem. The lead engineer r e s p o n s i b l e  f o r  each subproblem i s  

asked t o  p r o v i d e  a weekly est imate,  f o r  each a l t e r n a t i v e  approach under 

cons ide ra t i on ,  o f  t h e  p r o b a b i l i t y  t h a t  i t  w i l l  be 

t h e  s o l u t i o n  t o  t h a t  subproblem. 

F i g u r e  I i l l u s t r a t e s  t h e  l i s t i n g  of a l t e r n a t  

t h e  p r o b a b i l i t i e s  ove r  

f i n a l  l y  chosen as  

ve approaches i d e n t  - 

f i e d  f r o m  t h e  c o n t r a c t  work statement, when so s p e c i f i e d ,  and from t h e  

respons ib le  engineer  when he i s  i n te rv iewed  p r i o r  t o  beg inn ing  t h e  t a s k .  

B lank spaces a r e  always prov ided so t h a t  new approaches may be repo r ted  

as t h e y  a r i s e .  If a t  some p o i n t  i n  t h e  des ign  t h e  respondent were con- 

s i d e r i n g  two t e c h n i c a l  approaches t o  rendezvous a t  Uranus, and he were 

comple te ly  uncommitted between t h e  two, he would c i r c l e  0.5 f o r  each, 

a s  shown. E v e n t u a l l y  as  t h e  s o l u t i o n  progresses,  one a l t e r n a t i v e  w i l l  

a t t a i n  a 1.0 p r o b a b i l i t y  and the  o t h e r s  w i l l  become zero. By p l o t t i n g  

t ime,  we o b t a i n  a g raph ic  record  o f  t h e  s o l u t i o n  

h i s t o r y .  

The Sol u t  

t ime,  p rov ides  

on Deve 

a q u i t e  

opment Record, by economizing on t h e  respondent 's  

e f f i c i e n t  record  of a p r o j e c t  h i s t o r y .  When t h e  



FIGURE D 

WASSACHUSEnS iNSTiTlKE OF TECtiNOLOOV 

Solutlon Development Record 

Manned Ursnu, LsndDng In  sn Early Time Period Study 

Qenoro I, Un I ted Aerospace Corporat ion 

Name &to 

. EatOme$w et.. Probsbt 0 Ity *hat 'dblfomstlVo w i  5 C 
be Employ08 

Subproblem # I t  Mefhod of 
f endezvous a0 Uranus 

A i t e r n a t  i ve approaches: 

o r b i t a l  rendezvous mlsslocr 0 o b 1  0.2 0.3 0.4 (o';> 0.6 0.7 0.8 0.9 1.0 
with excursion vehicle 

orblOeD rendezvous mloaion 6 0.9 012 6.3 0.4 0.5 8 e 6  0.9 0.0 0.9 1.0 
without excursion vehlcle 

direct mission 0 O e I  *002 O e 3  0.4 0 0.6 0.7 0.8 0.9  1.0 

Subproblem #2: Design Of fhe 
e l e c t r i c a l  power supply aubsyctm 
for the space vehlclv 

Alternet Ive approaches8 

hydrogen-o%ygen 
fuei  c e l l  

KOH fuel  c e l l  

Rankine cycle fas t  reector 

Rankine cycle thermal reactor 

Brayton cycle reactor 

0 0.1 0.2 0.3 9.4 0.3 0 '0.9 0.0 9.9 1.0 

0 a 0.2 0.3 0.4 .0.5 0.6 , O a f  0.8 0.9 1.0 

0 0.1 002 0.3 0.4 0.3 0.6 0.11 0.8 0.9 1.0 

0 0.1 0.2 0 3  0.4 0.5 0.6 0.7 0.8 0.9 1.0 
t 
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p r o j e c t  i s  completed, each respondent i s  presented w i t h  a t i m e - p l o t  of 

h i s  p r o b a b i l i t y  est imates,  and i s  i n te rv iewed  a t  some length  t o  d e t e r -  

mine causes and e f f e c t s  o f  design changes r e f l e c t e d  i n  t h i s  record .  

The p l o t  t h u s  p rov ides  a s t imu lus  t o  t h e  man's memory apd a s s i s t s  t h e  

i n v e s t i g a t o r  i n  g a t h e r i n g  a d e t a i l e d  record  of each p r o j e c t .  

I n  c o n s i d e r i n g  t h e  sources of ideas, t h e  u n i t  of a n a l y s i s  employed 

i s  "messages rece ived"  (Menzel, 1960). I n  o t h e r  words each message 

which t h e  engineer  o r  s c i e n t i s t  rece ives ,  which suggests t o  h im  an 

a l t e r n a t i v e  s o l u t i o n  i s  coded for  t h e  channel whence it a r r i v e d .  

A l i s t i n g  o f  t h e  most f r e q u e n t l y  c i t e d  i n f o r m a t i o n  channels  i s  

shown i n  Tab le  1 .  T h i s  does not  imply  t h a t  each idea can be t r a c e d  

t o  a s i n g l e  one of these channels. More o f t e n  than  n o t  a s i n g l e  a l t e r -  

n a t i v e  w i l l  r e s u l t  from messages rece ived  from severa l  channels; f o r  

example, someone on t h e  l a b ' s  t e c h n i c a l  s t a f f  m igh t  r e f e r  t h e  eng ineer  

o a vendor 

I n  such a 

t e r n a t  i ve, 

t o  an a r t i c l e  i n  a t r a d e  jou rna l ,  which i n  t u r n  leads h im 

who p rov ides  more complete i n fo rma t ion  on t h e  a l t e r n a t i v e .  

s i t u a t i o n ,  where severa l  channels c o n t r i b u t e  t o  a s i n g l e  a 

equal c r e d i t  i s  g i ven  t o  each source. 

CHARACTER I ST I CS OF THE SAMPLE 

The n ine teen p r o j e c t s  under cons ide ra t i on ,  i nvo l ved  t h e  f o l l o w i n g  

n i n e  genera l  problems: 

I .  The des ign  o f  t h e  ref l e c t o r  p o r t i o n  o f  a r a t h e r  l a r g e  and 

h i g h l y  complex antenna system f o r  t r a c k i n g  and communication 



TABLE I 

Typical Information Channels Considered in the Study 

I iterature: 

vendors: 

customer: 

externa I sources: 

books, professional, technical and trade jour- 
nals and other publicly accessible written 
material. 

representatives of, or documentation generated 
by suppliers or potential suppliers of design 
components. 

representatives of, or documentation generated 
by the government agency for which the pro- 
ject is performed. 

sources outside the laboratory which do not 
fall into any of the above three categories. 
These include paid and unpaid consultants and 
representatives of government agencies other 
than the customer agency. 

technical staff: engineers and scientists in the laboratory who 
are not assigned directly to the project being 
cons i dered. 

company research: any other project performed previously or simul- 
taneously in the lab regardless of its source 
of funding. 

persona I 
exper i ence: 

ideas which were used previously by the engineer 
for similar problems and are recalled directly 
from memory. 

analysis and ideas which are the result of  an engineering ana- 

put of information from any other source. 
experimentation: lysis, test or experiment with no immediate in- 
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w i t h  space v e h i c l e s  a t  v e r y  g r e a t  d i s tances .  

2. The design o f  a v e h i c l e  and assoc ia ted  i n s t r u m e n t a t i o n  t o  

roam t h e  lunar sur face  and ga ther  d e s c r i p t i v e  s c i e n t i f i c  

data.  

3. An i n v e s t i g a t i o n  o f  passive methods f o r  t r a n s f e r  o f  modu la t ion  

between two coherent l i g h t  beams. 

4. A p r e l i m i n a r y  des ign  of  an e a r t h - o r b i t i n g  space s t a t i o n .  

5. The design of a deep space probe, and a p p r o p r i a t e  instrumen- 

t a t  ion.  

6. The p r e l i m i n a r y  design of an i n t e r p l a n e t a r y  space v e h i c l e .  

7. The p r e l i m i n a r y  design of a special-purpose manned spacec ra f t  

f o r  c i s l u n a r  missions. 

8. The development o f  a low t h r u s t  rocke t  engine for maneuvering 

manned spacecra f t .  

9 .  An i n v e s t i g a t i o n  o f  p o s s i b l e  m iss ion  p r o f i l e s  f o r  manned 

e x p e d i t i o n s  t o  another p l a n e t .  

RESULTS 

An example o f  t h e  t i m e  p lo t  of s o l u t i o n  development reco rds  f o r  a 

t y p i c a l  subproblem i s  shown in  F i g u r e  2. The problem, i n  t h i s  case, 

i s  t h e  design o f  a p o s i t i o n  feedback subsystem f o r  a very  l a r g e  and com- 

p l e x  antenna system. The work statement f o r  both labs suggested ap- 

proachesO( , (3 and b/. Both r e j e c t e d  these, however, and generated 
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two new approaches each ( 6, ~6 , 

new approaches r e s u l t e d  f rom d i f f i c u l t i e s  i n c u r r e d  by t h e  c u r r e n t l y  

p r e f e r r e d  approach; t h e  o t h e r  r e s u l t e d  from r e c e i p t  of new in fo rmat ion ,  

and was independent of t h e  s t a t e  of approaches c u r r e n t l y  under considera-  

t i o n .  

and 7 1 .  I n  both labs one of t h e  

A l t e r n a t i v e s  such as these can now be eva lua ted  a t  two l e v e l s .  

F i r s t  t h e  engineer  h i m s e l f  decides upon one o f  severa l  p o s s i b i l i t i e s  

as t h e  bes t  s o l u t i o n  t o  t h e  subproblem; t h u s  e v a l u a t i n g  t h i s  a l t e r n a -  

t i v e  as p r e f e r a b l e  t o  t h e  o t h e r s  under c o n s i d e r a t i o n .  A t  a second 

l e v e l ,  t h e  customer 's  r e l a t i v e  e v a l u a t i o n  of t h e  s o l u t i o n s  t o  each 

problem reached by t h e  two or t h r e e  research groups i s  a v a i l a b l e .  So, 

each group s e l e c t s  one a l t e r n a t i v e  as i t s  s o l u t i o n  t o  t h e  problem, 

and then t h e  s o l u t i o n s  submit ted by t h e  two or t h r e e  groups a r e  e v a l -  

uated r e l a t i v e  t o  each o t h e r  by t h e  government t e c h n i c a l  r e p r e s e n t a t i v e .  

Working from t h e  s o l u t i o n  e v a l u a t i o n  backward t o  t h e  sources of  t h e  

a l t e r n a t i v e  p r o v i d e s  two measures o f  performance f o r  t h e  i n f o r m a t i o n  

channe I s. 

Acceptance bv t h e  Enclineer 

Tab le  I I  and F i g u r e  3 show t o t a l  f requency counts  f o r  messages 

rece ived and accepted from each of  t h e  e i g h t  channels.  Seventy-two 

a l t e r n a t i v e s  c o u l d  n o t  be a t t r i b u t e d  t o  a channel, e i t h e r  th rough t h e  

u n a v a i l a b i l i t y  f o r  i n t e r v i e w  o f  t h e  knowledgeable engineer,  o r  th rough 

i n a b i l i t y  t o  o b t a i n  t h i s  i n f o r m a t i o n  d u r i n g  t h e  i n t e r v i e w .  

These d a t a  show q u i t e  a d i v e r s i t y  i n  bo th  t h e  r e l a t i v e  use and 
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performance o f  t h e  e i g h t  channels. 

which p r o v i d e  new i n p u t s  t o  t h e  i n d i v i d u a l  , we f i n d  t h a t  t h e  cus- 

When c o n s i d e r i n g  those channels 
3 

tomer and vendors a r e  most used by engineers,  and t h a t  t h e  l i t e r a t u r e  

i s  t h e  l e a s t  used channel .  For t h e  s c i e n t i s t s ,  on t h e  o t h e r  hand, 

t h e  l i t e r a t u r e  i s  most used and no  ideas whatsoever o r i g i n a t e d  w i t h  

vendors o r  t h e  customer. 

The most impor tan t  aspect  of these data, however, l i e s  i n  t h e  

f a c t  t h a t  t h e  channels used w i t h  t h e  g r e a t e s t  f requency a r e  n o t  t h e  

ones which p r o v i d e  t h e  g r e a t e s t  number of acceptab le  ideas. A c h i -  

squared t e s t  performed on t h e  da ta  for  both s c i e n t i s t s  and engineers 

shows a s i g n i f i c a n t  (X = 19.55, ~ ( 0 . 0 1 )  d i f f e r e n c e  i n  t h e  a l l o c a -  
2 

t i o n  o f  acceptances and r e j e c t i o n s  among channels.  

Looking a t  r e l a t i v e  performance orr t h i s  b a s i s  shows t h e  t h r e e  

channels which migh t  be considered t o  i n v o l v e  ' e x p e r t "  sources t o  

have t h e  h i g h e s t  performance. These t h r e e  channels,  t e c h n i c a l  s t a f f ,  

company research, and e x t e r n a l  sources a l l  produce very  h i g h  accep- 

tance r a t e s  among engineers.  None of t h e  e x p e r t  channels were used 

t o  any e x t e n t  by t h e  s c i e n t i s t s ,  b u t  t h e  one e x t e r n a l  source which 

produced more than a s i n g l e  message had t h e  h i g h e s t  acceptance r a t e  

found. Th is ,  however, m i g h t  be spur ious  s i n c e  t h e  e x t e r n a l  source 

i n  th is-case was t h e  s c i e n t i s t ' s  former mentor, d u r i n g  graduate s tud ies ,  

3 
A l l  except  a n a l y s i s  and exper imentat ion,  and personal  exper ience.  



TABLE I I 

Messages Recieved and Messages Accepted by RbD 
S c i e n t i s t s  and Engineers as a F u n c t i o n  

of I n f o r m a t i o n  Channel 
(Nine Para1 le1 S e t s  Comprising 19 RbD P r o j e c t s )  

channe I messages messages acceptance 
received accepted r a t i o  

l i t e r a t u r e  
s c i e n t i s t s  
engineers 

e x t e r n a l  sources 
s c i e n t i s t s  
engineers 

vendors 
sc i e n t  i s t s  
eng i neers 

customer 
s c i e n t i s t s  
eng i neers 

t e c h n i c a l  s t a f f  
s c i e n t  i s t s  
engineers 

company research 
s c i e n t i s t s  
eng i neers 

a n a l y s i s  and exper imenta t ion  
s c i e n t i s t s  
eng i neers 

persona I exper ience 
s c i e n t i s t s  
eng i neers 

18 
53 

5 
67 

0 
101 

0 
I32 

I 
44 

I 
37 

3 
216 

7 
56 

6 
21 

5 
32 

0 
33 

0 
41 

0 
24 

0 
20 

I 
72 

4 
17 

0.33 
0.40 

1 .oo 
0.40 

--- 
0.33 

--- 
0.31 

0 
0.55 

0 
0.54 

0.33 
0.33 

0.52 
0.30 

--- unknown 75 6 

D i f f e r e n c e s  i n  acceptance r a t i o s  between t h e  f o l l o w i n g  channels a r e  
s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  0.01 l e v e l :  t e c h n i c a l  s t a f f  and vendors, 
e x t e r n a l  sources and vendors, t e c h n i c a l  s t a f f  and customer, company research 
and customer, e x t e r n a l  sources and customer. The d i f f e r e n c e  between r a t i o s  
f o r  e x t e r n a l  sources and vendors i s  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  0.05 
l e v e l .  
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a c a p a c i t y  which c o u l d  enable h i m  t o  have a d i s t o r t e d l y  h i g h  accep- 

tance r a t e  f o r  h i s  ideas. So, w h i l e  no hard conc lus ions  can be 

drawn concern ing s c i e n t i s t s ,  it i s  q u i t e  c l e a r  t h a t  engineers a r e  

q u i t e  prone t o  accept  ideas from someone they  cons ider  "exper t " .  

That  t h i s  does n o t  g e n e r a l i z e  t o  a l l  i n t e r p e r s o n a l  sources i s  w i t -  

nessed by t h e  very  low s tand ing  of vendors and customer representa-  

t i v e s .  Whi le low acceptance o f  t h e  f o r m e r ' s  ideas should s u r p r i s e  

no  one, t h e  low acceptance r a t e  f o r  t h e  customer 's ideas i n d i c a t e s  

a r a t h e r  r e f r e s h i n g  amount of i n t e l l e c t u a l  honesty on t h e  p a r t  of our 

engi neers,  

E v a l u a t i o n  by t h e  Customer 

F o r  27 o f  t h e  82 subproblem p a i r s ,  r e l a t i v e  e v a l u a t i o n s  o f  t h e  

s o l u t i o n s  were ob ta ined from respons ib le  t e c h n i c a l  m o n i t o r s  i n  t h e  

customer agencies.  I n  t h e  remain ing 55 p a i r s ,  scores were e i t h e r  t i e d  

or no e v a l u a t i o n  was a v a i l a b l e .  T h i s  r e l a t i v e  e v a l u a t i o n  p e r m i t s  a 

ve a t  s o l u t i o n s  comparison o f  t h e  i n f o r m a t i o n  channels used t o  a r r  

judged s u p e r i o r  t o  t h o s e  presented by o t h e r  teams. 

Tab le  I l l  shows t h e  p r o p o r t i o n  of both h i g h e r  

p a r t ,  

(or  s 

f rom 

and lower r a t e d  so lu -  

t i o n s  which d e r i v e d  f r o m  i n f o r m a t i o n  ob ta ined th rough t h e  e i g h t  chan- 

n e l s .  I n  o t h e r  words, t a k i n g  l i t e r a t u r e  a s  an example, e leven percent  

(or  t h r e e )  of t h e  27 h i g h e r  r a t e d  s o l u t i o n s  were based, a t  l e a s t  i n  

on i n f o r m a t i o n  ob ta ined f rom t h e  l i t e r a t u r e .  Twenty-two percent  

XI of t h e  27 lower r a t e d  s o l u t i o n s  der ived ,  i n  whole or i n  p a r t ,  

n fo rmat ion  gained through t h i s  channel. 
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A l l e n  and Marquis  ( A l l e n ,  1964) 

use of i n f o r m a t i o n  sources outs 

case t o  be i n v e r s e l y  r e l a t e d  t o  

w h i l e  use of sources w i t h i n  t h e  

Again, t h e  "exper t "  channels stand o u t .  Two of  t h e  th ree ,  e x t e r -  

n a l  sources and company research demonstrate s i g n f i c a n t  d i f f e r e n c e s  i n  

performance, and t h e  d i f f e r e n c e s  a r e  i n  o p p o s i t e  d i r e c t i o n s .  The per-  

formance d i f f e r e n c e  fo r  t h e  t h i r d  "exper t "  channel i s  n o t  s t a t i s t i c a l l y  

s i g n i f i c a n t .  

The hypothes is  t o  be t e s t e d  here  i s  based upon t h e  f i n d i n g s  of 

for RbD proposal  compet i t ions .  The 

de of t h e  l a b o r a t o r y  was found i n  t h a t  

t h e  t e c h n i c a l  q u a l i t y  of  proposals ,  

lab  was weakly b u t  p o s i t i v e l y  r e l a t e d  

t o  q u a l i t y .  The hypothes is  p r e d i c t s  t h a t  poorer  per fo rming  groups 

w i l l  r e l y  more h e a v i l y  upon sources o u t s i d e  of t h e  lab, and b e t t e r  

per fo rming  groups more upon sources w i t h i n  t h e  lab .  

I n  o r d e r  t o  t e s t  t h e  hypothes is ,  t h e  a c t u a l  number o f  s o l u t i o n s  

d e r i v e d  from each s e t  of channels i s  aggregated i n  Table I V .  S ince  a 

s o l u t i o n  can r e s u l t  from several  messages, each rece ived over  a d i f f e r -  

e n t  channel, those s o l u t i o n s  t o  which i n t e r n a l  channels o n l y  c o n t r i -  

buted a r e  compared w i t h  s o l u t i o n s  r e s u l t i n g  o n l y  from e x t e r n a l  chan- 

e t e  t h e  s e t ,  a t h i r d  ca tegory  has been inc luded.  T h i s  

ses s o l u t i o n s  d e r i v i n g  from n e i t h e r  i n t e r n a l  n o r  e x t e r -  

ons d e r i v e d  from both i n  combinat ion.  A chi-squared 

t e s t  r e j e c t s  t h e  n u l l  hypothes is  o f  no d i f f e r e n c e  i n  t h e  performance 

of  i n t e r n a l  and e x t e r n a l  channels a t  t h e  0.03 l e v e l  of s t a t i s t i c a l  s i g -  

n i f i c a n c e .  

n e l s .  To comp 

category compr 

n a l  , and sol u t  



TABLE I I I 

24 n o t  based on messages 
f rom t h e  l i t e r a t u r e  

Sources of Messages R e s u l t i n g  i n  
Higher  and Lower Rated S o l u t i o n s  

(27 subproblem p a i r s )  

21 

percentage of s o l u t i o n s  suggested by 
messages rece i ved th rough each channe I 

level o f  
I n f o r m a t i o n  Channel 27 h i g h e r  r a t e d  27 lower r a t e d  s t a t i s t i c a l  

so I u t  i on s s o l u t i o n s  s i q n i f i c a n c g  

I i t e r a t u r e  1 1 %  22% 0.14 

e x t e r n a l  Sources 7.4 26 0.03 

vendors 30 30 0.50 

c u stome r 56 44 0.21 

techn i ca I s t a f f  22 15 0.24 

company research 22 7.4 0.06 

a n a l y s i s  and 
exper i mentat  i o n  

44 52 0.29 

personal  exper ience I I  1 1  0.50 

The percentages i n  Tables I l l  and V a r e  d i s t i l l e d  f rom 2 X 2 con- 
t i n g e n c y  t a b l e s  i n  t h e  f o l l o w i n g  manner: 

Tak ing  t h e  f i r s t  row, l i t e r a t u r e  as an example, t h e  o r i g i n a l  
cont ingency t a b l e  looked l i k e  t h i s :  

s o l u t i o n  r a t i n g  

h igh I ow 
number of sol u t i  ons I 

I based a t  l e a s t  i n  p a r t  
on messages f rom t h e  1 3  

I i t e r a i u r e  
number of s o l u t i o n s  

3/27 = I 1 %  

6/27 = 22% 

27 27 
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A somewhat more general t e s t  of t h e  i n f o r m a t i o n  g a t h e r i n g  behav io r  

of t h e  engineers work ing on each subproblem can be performed by com- 

p a r i n g  t h e  sources used i n  genera t ing  a l l  o f  t h e  s o l u t i o n  a l t e r n a t i v e s  

which were considered f o r  t h e  subproblem. I n  o t h e r  words, general  

i n f o r m a t i o n  seeking behavior  v a r i e s  as a f u n c t i o n  o f  t h e  i n d i v i d u a l  

and h i s  p a r t i c u l a r  c i rcumstances. Tab le  V shows t h a t  a comparison 

a t  t h i s  l e v e l  s t rengthens t h e  conc lus ions  reached on t h e  b a s i s  of 

comparing t h e  sources of s o l u t i o n s  a lone.  

H igher  and lower per formers aga in  show l i t t l e  d i f f e r e n c e  

use o f  t h e  I 

i n  t h e i r  re1 

a I t e r n a t  i ves 

i n  t h e i r  

t e r a t u r e ,  vendors, and a n a l y s i s  and exper imentat  on, and 

ance upon personal  exper ience i n  g e n e r a t i n g  s o l u  ion 

Poorer  per formers once aga in  r e l y  more heavi  l y  upon 

e x t e r n a l  sources, and b e t t e r  per formers upon sources w i t h i n  t h e i r  own 

l a b o r a t o r y  i .e.,  upon t h e i r  t e c h n i c a l  s t a f f  and o t h e r  company research 

programs. 

D I SCUSS I ON 

Three r a t h e r  s t r i k i n g  d i f f e r e n c e s  a r e  observed i n  t h e  performance 

of t h e  i n f o r m a t i o n  channels s tud ied.  F i r s t  of a l l ,  t h e r e  i s  a wide 

v a r i a n c e  i n  t h e  f requency w i t h  which t h e  severa l  channels a r e  used. 

Cons ider ing  o n l y  t h e  channels e x t e r n a l  t o  t h e  p r o j e c t  group, t h e  cus- 

tomer agency and vendors a r e  found t o  supply  a lmost  t h r e e  t i m e s  as 

many suggest ions of s o l u t i o n  a l t e r n a t i v e s  as do t h e  l a b ' s  t e c h n i c a l  

s t a f f  o r  i t s  o t h e r  research programs. The a c t u a l  acceptance o f  these 
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TABLE 1 V  

Sources of Messages R e s u l t i n g  i n  
H igher  and Lower Rated S o l u t i o n s  

(27 subproblem p a i r s !  

number of number o f  
I n fo rma t ion  channel h i gher r a t e d  lower r a t e d  

s o l u t i o n s  suqqested s o l u t i o n s  suqqested 

Channels Ou ts ide  t h e  Labora tory  
e x t e r n a l  sources o r  vendors 6 
b u t  n o t  t e c h n i c a l  s t a f f  o r  
company research 

(ESUV) A (TSUCQ) 

Channels I n s i d e  t h e  Labora tory  
t e c h n i c a l  s t a f f  or  company 
research bu t  n o t  e x t e r n a l  
sources o r  vendors 

(TSUCR) n (ESUV) 

Other  Channels 
both o r  n e i t h e r  

(TSUCR) n (ESUV) 
or (TSUCR) n (ESUV) 

7 

14 

IO 

I 

16 

2 
X = 5.63, p(0.03 



TABLE V 

Sources o f  Messages R e s u l t i n g  i n  A l l  Techn ica l  A l t e r n a t i v e s  
Considered by Engineers S u b m i t t i n g  S o l u t i o n s  

Rece iv ing  Higher and Lower Ra t ings  
(27 subproblem p a i r s )  

~- 

percentage o f  a l t e r n a t i v e s  suggested by 
messages rece ived  th rough each channel 

85 a l t e r n a t i v e s  85 a l t e r n a t i v e s  
I n f o r m a t i o n  Channel assoc ia ted  w i t h  assoc ia ted  w i t h  l e v e l  of 

h i g h e r  r a t e d  lower r a t e d  s t a t i s t i c a l  
s o l  u t i  ons so I u t  i ons s i g n i f i c a n c e  

I i t e r a t u r e  8 . 2  14 0.11 

e x t e r n a l  sources 5.9 15 0.02 

vendors 21 26 0.23 

customer 44 46 0.38 

t e c h n i c a l  s t a f f  12 4.7 0.05 

company research 15 3.5 0.004 

a n a l y s i s  and 48 
exper imen ta t i on  

38 0.08 

persona I 
exper i ence 

I t  8.2 0.30 



- 20 

messages is inversely related to the frequency of  use. TNO of the least 

used channels, technical staff and company research yield the highest 

acceptance ratios. It appears tnat what might be called "expert" 

channels show the highest probabilities of having an idea accepted. 

Comparing the sources of both solutions and rejected alternatives 

for higher and lower rated problems, shows a marked difference in the 

performance of channels, depending upon whether they originate within 

or outside of the laboratory organization. Those originating within 

the lab perform far better than those originating outside. 

The importance of this finding to those concerned with promoting 

the transfer of technology cannot be overstressed. But before delving 

into its implications in more detail let us marshall a bit more sup- 

port for its existence. 

A s  remarked earlier, this i s  not the first time that the phenome- 

non has appeared. It was first revealed in the study of R&D proposal 

competitions (Allen, 1964). The proposal competitions studied varied 

widely in the nature of their problem and ranged throughout the re- 

search spectrum from quite fundamental basic research studies to 

hardware-oriented development and test projects. Across this wide 

range of problem types, teams which relied more heavily upon outside 

information sources were found to produce poorer quality solutions. 

In fourteen of fifteen instances, correlations between the extent to 

which outside sources were used aqd rated technical quality of the 

proposals were found to be negative. The mean rank order correlation 
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f o r  15 compet i t ions  was -0.30 <p<O.OOl). The da ta  i n d i c a t e  t h a t  

lack of t e c h n i c a l  c a p a b i l i t y  w i t h i n  t h e  lab  was l a r g e l y  r e s p o n s i b l e  

f o r  a t  l e a s t  t h e  d e c i s i o n  t o  use o u t s i d e  sources. Inverse  r e l a t i o n s  

were found between t h e  use o f  such sources and both t h e  s i z e  of t h e  

l a b ' s  t e c h n i c a l  s t a f f  and i t s  r a t i o  t o  t h e  t o t a l  employment o f  t h e  

lab.  L a b o r a t o r i e s  which do n o t  have t h e  necessary t e c h n i c a l  manpower 

resources at tempted unsuccess fu l l y  t o  s u b s t i t u t e  th rough r e l i a n c e  

upon o u t s i d e  t e c h n i c a l  personnel .  

S i m i l a r l y  t h e  s tudy of S h i l l i n g  and Bernard (19651, shows con- 

s i s t e n t  i n v e r s e  c o r r e l a t i o n s  between t h e  e x t e n t  t o  which "pa id  con- 

s u l t a n t s "  a r e  employed by i n d u s t r i a l  b i o s c i e n t i s t s  and e i g h t  measures 

of l a b o r a t o r y  " p r o d u c t i v i t y  and e f f i c i e n c y " .  A l l  o f  t h e s e  c o r r e l a -  

t i o n s  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  0.05 l e v e l  or beyond. 

Furthermore, t h e  a u t h o r s  fourid t h e  use o f  p a i d  c o n s u l t a n t s  t o  be t h e  

o n l y  f a c t o r  "which c l e a r l y  and unequ ivoca l l y  d i f f e r e n t i a t e s  ( u n i v e r -  

s i t y  from government and i n d u s t r i a l )  l a b o r a t o r i e s . ' '  

The present  da ta  (Tables I l l ,  I V  and V )  o f  course, revea l  a 

s i m i l a r  performance d i f f e r e n t i a l .  So t h e  ev idence which has accumu- 

l a t e d  i s  indeed q u i t e  convincing, b u t  i t  does n o t  as y e t  e x p l a i n  t h e  

s i t u a t i o n  which has been found t o  e x i s t .  One c l u e  l i e s  i n  t h e  f i n d i n g  

of  an i n v e r s e  r e l a t i o n  between t h e  s i z e  ( b o t h  a b s o l u t e  and r e l a t i v e  

t o  t o t a l  company employment) of a . l a b ' s  t e c h n i c a l  s t a f f  and t h e  ex- 

t e n t  t o  which o u t s i d e  sources a r e  used d u r i n g  proposal  compet i t ions .  

T h i s  suggests two f a c t o r s  which must be o p e r a t i n g .  F i r s t ,  t h o s e  teams, 

or more p r e c i s e l y  those l a b o r a t o r i e s  whose research teams r e l y  on o u t -  
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s i d e  h e l p  possess o t h e r  c h a r a c t e r i s t i c s  which more l i k e l y  a r e  t h e  

a c t u a l  cause of t h e  poor  performance. The most p l a u s i b l e  o f  t hese  

i s  s imp ly  t h e  lack o f  t h e  requ i red  t e c h n i c a l  competence w i t h i n  t h e  

lab. C e r t a i n l y ,  t h e  use of an i n f o r m a t i o n  m u r c e  can seldom be h e l d  

t o  d i r e c t l y  reduce q u a l i t y .  Rather, it i s  t h e  i n i t i a l  lack o f  know- 

ledge on t h e  p a r t  of t h e  fi&D team members which would be d i r e c t l y  

respons ib le .  Some i n f o r m a t i o n  sources a r e  more capable than  o t h e r s  

of  c o u n t e r a c t i n g  t h i s  i n i t i a l  c o n d i t i o n .  T h i s  i n t roduces  t h e  second 

f a c t o r :  sources o u t s i d e  a r e  e i t h e r  l ess  we l l - in fo rmed,  which i s  

r a t h e r  u n l i k e l y ,  o r  t h e r z  e x i s t s  an impedance a t  t h e  o r g a n i z a t i o n a l  

boundary, which r e s t r i c t s  t h e  f l o w  of i n fo rma t ion .  Why i s  it t h a t  

t h e  o r g a n i z a t i o n  should impose such an e f f e c t i v e  b a r r i e r  t o  communi- 

c a t i o n ?  Be fo re  address ing  t h e  ques t ion  d i r e c t l y ,  l e t  us f i r s t  exzl- 

mine an ins tance which a t  f i r s t  appearance runs  counter  t o  t h e  e v i -  

dence t h u s  f a r .  

Hagstrom ( 19651, who stud i ed  I79  prominent  researchers  

formal  (mathematics, s t a t i s t i c s  and l o g i c ) ,  p h y s i c a l  and b i o  

sciences, found a s t r o n g  p o s i t i v e  c o r r e l a t i o n  ( Q  = 0.85) be 
4 

n t h e  

og i  ca 

ween 

ext ra-depar tmenta I commun i c a t i o n  and p roduc t  i v i t y  i n te rms o f  papers 

pub l i shed .  The c o r r e l a t i o n  between p r o d u c t i v i t y  and i n t r a - d e p a r t -  

menta l  communication i s  cons iderab ly  lower (Q = 0.42). Now how does 

t h i s  r e l a t e  t o  t h e  e a r l i e r  f i n d i n g s  and how can t h e  apparent  con t ra -  

d i c t i o n  be reso lved?  Wel l ,  f i r s t  o f  a l l ,  Hagstrom's measure of e x t r a -  

4 
Y u l e ' s  Q c o r r e l a t i o n  fo r  dichotomous da ta .  No s i g n i f i c a n c e  

l e v e l  i s  g iven .  
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departmental  communication was, i t  should be noted, r e s t r i c t e d  t o  

communication w i t h i n  t h e  i n d i v i d u a l ' s  academic d i s c i p l i n e .  F u r t h e r -  

more, t h e  o r g a n i z a t i o n  i n  Hagstrom's case i s  somewhat d i f f e r e n t ;  i t  

was a u n i v e r s i t y  department; a l l  o f  t h e  o t h e r  r e s u l t s  stem from s t u d i e s  

o f  i n d u s t r i a l  t o r g a n i z a t i o n s .  

I t  f o l l o w s  t h a t ,  t h e  d i f f e r e n c e s  i n  t h e  e f f e c t i v e n e s s  of  e x t r a -  

o r g a n i z a t i o n a l  communication found between t h e  two s i t u a t i o n s  can be 

a t t r i b u t e d  i n  l a r g e  p a r t  t o  two f a c t o r s :  

I .  The r e l a t i v e  commitment of t h e  i n d i v i d u a l  t o  t h e  o r g a n i -  
z a t i o n s  or s o c i a l  systems a t  hand, and 

2. t h e  degree t o  which t h e  boundar ies of these o r g a n i z a t i o n s  
a r e  formal  l y  s t r u c t u r e d .  

I n  t h i s  contex t ,  Hagstrom's s c i e n t i s t s  conf ron ted  a low impedance i n  

communicating across t h e  bounds of t h e i r  academic departments ( b u t  

w i t h i n  t h e i r  d i s c i p l i n e s ) ,  because t h e  academic department e l i c i t s  

a lower degree o f  commitment from most academic s c i e n t i s t s  than does 

t h e i r  p r o f e s s i o n a l  d i s c i p l i n e ,  or  " i n v i s i b l e  c o l l e g e " .  A t  t h e  bound 

of t h e  l a t t e r ,  we should expect t o  f i n d  a h i g h e r  impedance t h a t  a t  

t h e  bound of t h e  academic department, b u t  n o t  so h i g h  a s  a t  t h e  p e r i -  

phery of  a more f o r m a l i z e d  o r g a n i z a t i o n  such as an i n d u s t r i a l  or  

government l a b o r a t o r y .  Here, we b r i n g  i n  o u r  second c o n s i d e r a t i o n .  

The d i f f i c u l t y  l i e s  i n  t h e  na ture  of t h e  b u r e a u c r a t i c  form o f  o r g a n i -  

z a t  i on. 

The i m p e r m e a b i l i t y  o f  bureaucracy t o  t h e  i n f l u x  of i n f o r m a t i o n  

and techno logy  has been deplored by many s o c i a l  s c i e n t i s t s  i n  r e c e n t  
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years .  Bennis, f o r  example (19661, i n  c a t a l o g u i n g  t h e  many c r i t i -  

cisms which have been leve led  a t  bureaucracy i nc ludes  t h e  charge 

t h a t  it, "cannot a s s i m i l a t e  t h e  i n f l u x  of  new techno logy  or sc ien-  

t i s t s . , . , "  Ka tz  and Kahn (1966) p r o v i d e  us w i t h  some exp lana t ion  

fo r  t h i s ,  r e v o l v i n g  about two major p o i n t s :  

1 .  I n  o r d e r  t o  c o n t r o l  i t s  i n t a k e  of i n f o r m a t i o n  and the reby  
a v e r t  t h e  p o s s i b i  ! i t )  o f  be ing  so overwhelmed t h a t  t h e  
r e s u l t i n g  c o n d i t i o n  i s  one o f  pure  no ise ,  t h e  o r g a n i z a t i o n  
e s t a b l  i shes a "system boilndary" which d e f i n e s  t h e  appro- 
p r i a t e  r e g i o n  f w  o r g a n i z a t i o n a l  a c t i v i t i e s ,  and "...con- 
s t i t u t e s  a b a r r i e r  for  marly t y p e s  of i n t e r a c t i o n  between 
peop le  on t h e  i n s i d e  iind people on t h e  ou ts ide . "  

2. Every o r g a n i z a t i o n  l i k e  every  i n d i v i d u a l  develops a cod ing  
system w i t h  which t o  order  i t s  wor ld .  T h i s  cod ing  scheme, 
i n  t u r n ,  enhances t h e  e f f i c i e n c y  of communication among 
those  who h o l d  it i n  common. I t  can, however, d e t r a c t  
f rom t h e  e f f i c i e n c y  o f  communicating w i t h  t h e  h o l d e r s  of 
a d i f f e r e n t  cod ing  scheme. 

The two p o i n t s  a r e  c l e a r l y  complementary. The f i r s t  i s  accom- 

p l i s h e d ,  i n  p a r t ,  th rough t h e  second. System boundar ies,  a r e  t o  

some degree d e f i n e d  and main ta ined by a d i s t i n c t  i on  i n  cod ing  schemes. 

The boundary o f  course, i s  no t  in tended t o  be comple te ly  impenetrab le.  

The o r g a n i z a t i o n  must have some exchange w i t h  i t s  env i ronment .  I n  

o r d e r  t o  a l l o w  t h i s  and y e t  c o n t r o l  t h e  degree, i t  e s t a b l i s h e s  a 

l i m i t e d  number o f  o f f i c i a l l y  recognized channels  th rough which com- 

mun ica t i on  must be d i r e c t e d ,  and we have, f o r  example, l i b r a r i e s  pur -  

chas ing  departments and f i e l d  o f f i c e s  th rough which i n f o r m a t i o n  must 

be f u n n e l l e d .  I n  t h e  s i t u a t i o n  w i t h  which we a r e  p r e s e n t l y  concerned, 

t h e  o f f i c i a l  l i m i t a t i o n  of channels p robab ly  occup ies  a secondary p o s i -  
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t i o n ,  as an impediment t o  communication. Engineers ( o f t e n  t o  t h e  d i s -  

may of l i b r a r i a n s  and f i e l d  o f f i c e  managers) a r e  g e n e r a l l y  q u i t e  un- 

i n h i b i t e d  i n  s h o r t - c i r c u i t i n g  such dev ices .  I t  i s  r a t h e r  t h e  develop- 

ment of  coding schemes which best  e x p l a i n s  t h e  evidence which we have 

seen. 

L e t  us now b r i e f l y  rev iew these r e s u l t s .  F i r s t  of a l l ,  severa l  

s t u d i e s  o f  i n d u s t r i a l  and government s c i e n t i s t s  and engineers have 

shown an inverse  r e l a t i o n  between e x t r a - o r g a n i z a t i o n a l  communication, 

c o n t r a s t i n g  w i t h  d i r e c t  r e l a t i o n  between i n t r a - o r g a n i z a t i o n a l  communi- 

c a t i o n  and performance. Second, i n  Hagstrom's s tudy where t h e  o r g a n i -  

z a t i o n  (an academic department)  appears t o  occupy a s u b s i d i a r y  p o s i t i o n  

t o  a more i n c l u s i v e  s o c i a l  system ( " i n v i s i b l e  c o l  lege" o r  academic 

d i s c i p l i n e ) ,  and where t h e  communication process measured was e x t e r -  

n a l  t o  t h e  f i r s t  e n t i t y  b u t  i n t e r n a l  t o  t h e  second, a s t r o n g  p o s i t i v e  

r e l a t i o n  was found between t h e  e x t e n t  of communication and p e r f o r -  

mance. T h i r d ,  i n  t h e  instances i n  which e x t e r n a l  communication bears 

an u n f r u i t f u l  r e l a t i o n  t o  performance, t h e r e  is evidence t h a t  it i s  

n o t  t h i s  communication, p e r  se, which degrades performance b u t  o t h e r  

f a c t o r s ,  such as lack  of  t h e  requ i red  knowledge by t h e  engineer  or 

s c i e n t i s t  seek ing i n f o r m a t i o n .  The i n t e r n a l  channels a r e  b e t t e r  a b l e  

t o  compensate f o r  t h  i s d e f i c i e n c y ,  than a r e  e x t e r n a  I ones. 

A p p l y i n g  t h e  r a t i o n a l e  o f  t h e  shared cod ing  scheme produces a 

r a t h e r  s imp le  and s t r a i g h t f o r w a r d  e x p l a n a t i o n .  I n  i n d u s t r i a l  and 

governmental s i t u a t i o n s ,  t h e  l a b o r a t o r y  o r g a n i z a t i o n  dominates t h e  
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scene. These o r g a n i z a t i o n s  demand a degree o f  l o y a l t y  and a f f i l i a -  

t i o n  f a r  outweighing t h a t  requ i red  by academic departments.  I n  a d d i -  

t i o n ,  t h e  members of i n d u s t r i a l  and governmental o r g a n i z a t i o n s  a c q u i r e  

th rough common exper ience, and o r g a n i z a t i o n a l  impos i t ion ,  shared cod ing  

schemes which can be q u i t e  d i f f e r e n t  from t h e  schemes h e l d  by o t h e r  

members of t h e i r  p a r t i c u l a r  d i s c i p l i n e .  T h i s  i s  n o t  t r u e  of t h e  aca- 

demic s c i e n t i s t s .  They g e n e r a l l y  f e e l  more a l i g n e d  w i t h  s c i e n t i s t s  

who share t h e i r  p e c u l i a r  research i n t e r e s t s  than w i t h  a p a r t i c u l a r  

u n i v e r s i t y  or  department, and would t h e r e f o r e  tend t o  share a cmmon 

system of cod ing  w i t h  such i n d i v i d u a l s  o u t s i d e  o f  t h e i r  department.  

I n  o t h e r  words, t h e  " i n v i s i b l e  c o l l e g e "  now becomes t h e  med ia to r  o f  

of  t h e  cod ing  scheme. F o l l o w i n g  t h i s  l i n e  of reasoning a s tep  f u r -  

t h e r ,  one would p r e d i c t  t h a t  were i n t e r - d i s c i p l i n a r y  communication 

among s c i e n t i s t s  measured, t h e  r e s u l t s  would show some loss i n  com- 

m u n i c a t i v e  e f f i c i e n c y .  An inverse  r e l a t i o n  w i t h  performance i n  t h i s  

case m i g h t  o r  m i g h t  n o t  e x i s t ,  depending upon o t h e r  f a c t o r s ,  b u t  we 

would p r e d i c t  some loss i n  e f f i c i e n c y  when compared w i t h  i n t r a - d i s -  

c i p l i n a r y  communication. The problem i s  compounded when, a s  i s  o f t e n  

t h e  case, i n c o m p a t i b i l i t i e s  between t h e  two cod ing  schemes go unrecog- 

n ized,  or  when i d e n t i c a l  coding systems a r e  assumed which do n o t  i n  

f a c t  e x i s t .  

There, of course, a r e  p o s s i b l e  measures which can be a p p l i e d  t o  

reduce t h e  o r g a n i z a t i o n a l  boundary impedance. One which may w e l l  t a k e  

p l a c e  under u n c o n t r o l l e d  c i rcumstances i s  a two-step process i n  which 

c e r t a i n  key i n d i v i d u a l s  a c t  as b r i d g e s  l i n k i n g  t h e  o r g a n i z a t i o n  mem- 
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. 
bers  t o  t h e  o u t s i d e  wor ld .  In fo rmat ion ,  then,  e n t e r s  t h e  o r g a n i z a t i o n  

most e f f i c i e n t l y  when i t  i s  channel led th rough these i n d i v i d u a l s ,  who 

a r e  capable o f  o p e r a t i n g  w i t h i n  and t r a n s f o r m i n g  between two cod ing  

schemes. 

The p o s s i b l e  ex i s tence  o f  such i n d i v i d u a l s ,  who i n  e f f e c t  s t r a d d l e  

two cod ing  systems, a r e  a b l e  t o  bo th  f u n c t i o n  e f f i c i e n t l y  i n  the two 

and per fo rm a t r a n s f o r m a t i o n  between them h o l d s  promise f o r  t h e i r  poten- 

t i a l  u t i l i z a t i o n  i n  techno logy  t r a n s f e r .  I n  o t h e r  words, i t  appears 

t h a t  i n fo rma t ion  must be go t ten  t o  i t s  user  by an i n d i r e c t  rou te .  

A t tempt ing  t o  b r i d g e  t h e  o r g a n i z a t i o n a l  bound d i r e c t l y  i s  n o t  t h e  most 

e f f i c i e n t  pa th .  Rather, t h e  " techno log ica l  gatekeepers" i n  t h e  l ab  

must f i r s t  be reached and i t  i s  o n l y  th rough these men t h a t  t h e  bound- 

a r y  impedance can be e f f e c t i v e l y  surmounted. 

CONCLUS IONS 

T h i s  s tudy has measured t h e  r e l a t i v e  performance of s i x  channels  

i n  t r a n s f e r r i n g  t e c h n i c a l  i n fo rma t ion .  The research techn ique  employs 

t h e  v e h i c l e  of p a r a l l e l  R&D p r o j e c t s  t o  p r o v i d e  a c o n t r o l  ove r  t h e  

substance o f  t h e  problem and a r e l a t i v e  e v a l u a t i o n  of s o l u t i o n s .  Data 

a r e  gathered by means o f  S o l u t i o n  Development Records and leng thy  

i n t e r v i e w s  w i t h  t h e  engineers. The ideas  cons idered f o r  s o l u t i o n  t o  

each problem a r e  t h u s  assoc ia ted  w i t h  t h e  channels  whence t h e y  came, 

and measures o f  performance are  generated f o r  t h e  channels. 
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The principal conclusions of the study are: 

1 .  There is a serious misalignment between the quality of the 

ideas generated through the channels studied, and the fre- 

quency with which these channels are used by engineers. 

2. Literature is not greatly used, and i s  mediocore at best 

in its performance. 

Better performing groups rely more than the poorer performers 

upon sources within the laboratory (the technical staff, and 

other company research programs) as contrasted with sources 

outside the lab. 

3. 

4. A mismatch in information coding schemes appears to be res- 

ponsible for the ineffectiveness of communication across 

the organ i zat iona I boundary. The poss i b I e ex i stence of key 

individuals (technological gatekeepers) shows promise of 

providing a means of surmounting this organizational boundary 

impedance. 
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